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Dynamic observation of microstructures and analysis of their chemistry in submicrometer regions during 
heating and cooling of an alloy have successfully been carried out with a field-emission scanning 
electron microscope (FE-SEM), JSM-7100F (JEOL), by using a special heating holder, Aduro SEM and 
an EDS software, JED-2300. The heating holder used in this study was a compact one called AduroTM 
SEM (Protochips) [1]. The characteristics of this holder are very small stage drift due to temperature 
change and very fast temperature response of the specimen: the heating rate as fast as 103 ˚C/ms can be 
made to heat the specimen up to 1,200 ˚C, the highest usable temperature for the holder. These 
characteristics can mainly be achieved by the use of a small specimen. In fact, the area for uniform 
heating is guaranteed within 150 µm x 150 µm. The EDS software used in this study was JED-2300 
(JEOL) supplemented with a novel function for the time-resolved X-ray mapping: “Playback Analysis” 
[2,3]. This function makes it possible to record and display backscattered electron (BSE) images and 
corresponding elemental maps frame by frame, for example during temperature change. 
 
The specimen alloy used in this study was a simulated tin solder with a composition of Sn-Ag (2.9 
mass%)-Cu (3.3 mass%). Figures 1 and 2 show processes of dissolution during heating and of 
precipitation during cooling in the alloy, respectively. The JSM-7100F was operated at an acceleration 
voltage of 7 kV with a probe current of 8 nA. BSE images and corresponding elemental maps were 
acquired at a magnification of 20,000 and shown in the upper and lower column in Figures 1 and 2. 
These were extracted from the stored data in “Playback Analysis” after the experiment. Black contrast 
precipitates marked as A and white contrast ones as B in the BSE image in Figure 1 were intermetallic 
compounds of Sn-Cu and Sn-Ag, respectively [4,5]. At 120 ˚C smaller precipitates, especially those 
precipitate A started to dissolve. At 150 ˚C all precipitates A dissolved away and only larger precipitates 
B remained with a gray core in their center. At 160 ˚C no precipitate remained to be observed with 
uniform contrast throughout the field of view. After heating at 350 ˚C, the sample was cooled at a 
cooling rate of 10 ˚C/5 min. At 100 ˚C small precipitates with both white and black contrast formed. At 
90 ˚C the size of both types of precipitates became larger with decreasing their number. Both dissolution 
and precipitation processes were also followed in the elemental maps. 
 
The EDS software, JED-2300 newly armed with “Playback Analysis” and a compact heating holder, 
AduroTM SEM make JSM-7100F capable to pursuit in-situ dynamic changes of microstructures in 
smaller spatial ranges than a micrometer with composition information. 
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Figure 1.  Backscattered electron (BSE) images  (upper) and elemental maps (lower) of Cu Lα(red) and 
Ag Lα(green) of a Sn-Ag-Cu alloy at each temperature during heating. 
The composition of the Sn-Ag-Cu alloy is Ag:2.9 mass%, Cu:3.3 mass%. 
 

 
Figure 2.  BSE images (upper) and elemental maps (lower) of Cu Lα(red) and Ag Lα(green) on the Sn-
Ag-Cu alloy at each temperature during cooling. 
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